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ABSTRACT
Hypervelocity stars are intriguing rare objects traveling at speeds large enough to be
unbound from the Milky Way. Several mechanisms have been proposed for producing
them, including the interaction of the Galaxy’s super-massive black hole (SMBH) with
a binary; rapid mass-loss from a companion to a star in a short-period binary; the
tidal disruption of an infalling galaxy and finally ejection from the Large Magellanic
Cloud. While previously discovered high-velocity early-type stars are thought to be
the result of an interaction with the SMBH, the origin of high-velocity late type stars
is ambiguous. The second data release of Gaia (DR2) enables a unique opportunity
to resolve this ambiguity and determine whether any late-type candidates are truly
unbound from the Milky Way. In this paper, we utilize the new proper motion and
velocity information available from DR2 to re-evaluate a collection of historical data
compiled on the newly-created Open Fast Stars Catalog. We find that almost all
previously-known high-velocity late-type stars are most likely bound to the Milky
Way. Only one late-type object (LAMOST J115209.12+120258.0) is unbound from the
Galaxy. Performing integrations of orbital histories, we find that this object cannot
have been ejected from the Galactic centre and thus may be either debris from the
disruption of a satellite galaxy or a disc runaway.
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1 INTRODUCTION
Gaia has ushered in the era of Billion Star Maps of the
Milky Way’s dynamics, yet we do not know the origin or
history for the fastest stars in the Galaxy. These unbound
stars are defined as having a speed above the escape speed
of the Galaxy at their location and are commonly referred
to as ‘hypervelocity stars’ (e.g. Hills 1988; Brown 2015). The
first hypervelocity star (later denoted HVS1) was serendip-
itously discovered by Brown et al. (2005) and found to be
a 3 M late B-type star with a heliocentric distance 71 kpc
and radial velocity 853 ± 12 km s−1. The hypervelocity clas-
sification of HVS1 is secure, because i) the radial velocity is
sufficient to make the star unbound even without adding on
the proper motion and ii) a B-type star could only reach the
outer halo if it had such an extreme velocity.
The number of candidate hypervelocity stars has bal-
looned in the years since the discovery of HVS1 and today
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there are more than 500 candidates in the literature1 (see
Fig. 1). There is, however, reason to be skeptical of many
of these candidates. While Brown et al. (2006); Zheng et al.
(2014); Brown et al. (2014); Huang et al. (2017) have dis-
covered a further two dozen hypervelocity candidates that
are likely late B-type stars far out in the halo and with an
extreme radial velocity, most of the candidates are late-type,
high proper motion stars. In a majority of cases, the radial
velocity is itself unremarkable and the ‘hypervelocity’ classi-
fication is driven entirely by a large proper motion measure-
ment. However, as noted in Ziegerer et al. (2015), there is
reason to be cautious. The authors assessed the candidates
in Palladino et al. (2014). They were unable to confirm them,
with the ground-based proper motions fingered as the likely
culprit.
The origin of hypervelocity stars remains an intriguing
and open question. The tidal disruption of binary stars by
the supermassive black hole at the Galactic centre, leading
1 https://faststars.space
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to the ejection of one of the stars (Hills 1988), is consid-
ered the most likely possibility (e.g. Ginsburg & Loeb 2007;
Brown 2015) . However, there remains the possibility that
the hypervelocity stars were ejected from elsewhere in the
Milky Way’s disc and are either supernova runaways or were
dynamically ejected from star clusters. Recently Boubert &
Evans (2016) and Boubert et al. (2017) argued that the hy-
pervelocity stars could possibly originate in the Large Mag-
ellanic Cloud. The early-type hypervelocity stars are found
in the halo, while the late-type hypervelocity stars are found
within several kiloparsecs of the Sun. Thus, these two popu-
lations probe different kinematic regimes and can potentially
be used to distinguish between the formation scenarios. The
question of whether there are any late-type hypervelocity
stars lies at the centre of the hypervelocity star mystery.
The European Space Agency’s Gaia space telescope
was launched in 2013 and on the 25th April 2018 deliv-
ered its second date release (Gaia DR2, Gaia Collaboration
et al. 2016, 2018) containing astrometry and photometry for
1,692,919,135 sources, based on the first 22 months of opera-
tion. This catalogue includes parallaxes and proper motions
for an unprecendented 1,331,909,727 sources, typically with
sub-milliarcsecond precision2. Gaia can thus revolutionise
the study of late-type hypervelocity stars. It will allow ac-
curate tangential velocities to be obtained for all extant late-
type hypervelocity candidates.
The objective of this paper is to provide a comprehen-
sive update on the status of the hypervelocity candidates
in the literature after Gaia DR2. We specifically focus on
the nearby, late-type candidates because these are the stars
whose status is most likely to change with improved astrom-
etry. In Section 2, we briefly cover the history of searches for
late-type hypervelocity stars. Section 3 provides an overview
of the landscape of hypervelocity star candidates and looks
in detail at the one confirmed late-type hypervelocity star. In
the Conclusions, we discuss the implications of our results.
In the Appendix we present the Open Fast Stars Catalog
whose creation enabled this work.
2 HISTORY OF SEARCHES FOR LATE-TYPE
HYPERVELOCITY STARS
Prior to Gaia DR2, a number of late-type hypervelocity can-
didates had been claimed in the literature. We define late-
type as stars whose spectral type is F, G, K or M, including
both dwarf and giant stars. Many of these identifications
were based on cross-matches between spectroscopic surveys
such as SEGUE (Yanny et al. 2009) and LAMOST (Cui
et al. 2012) together with the SDSS-USNO proper motion
catalogues (Munn et al. 2004; Munn et al. 2008). With the
addition of photometric parallaxes, this gives the full space
motion of the candidate. The orbit is integrated in a Galactic
model to assess whether it is unbound. The radial velocity
is usually secure, but photometric parallaxes typically have
errors of ∼ 15 per cent. Even the most carefully constructed
ground-based proper motion catalogues tend to have some
erroneous measurements, especially in the high proper mo-
tion regime.
2 https://www.cosmos.esa.int/web/gaia/data
As an example, Li et al. (2012) searched through Sloan
Digital Sky Survey (SDSS) Data Release 7 and identi-
fied 13 F-type hypervelocity star candidates. They used
SEGUE spectroscopy and proper motions from the SDSS-
USNO (Munn et al. 2004). They argued from orbit integra-
tions that 9 candidates emanated from the Galactic Center
of disk, whilst the remaining 4 had a more exotic origin, such
as tidal disruption of dwarf galaxies (Abadi et al. 2009). Pal-
ladino et al. (2014) also carried out a search in the SEGUE
G and K dwarfs sample, again based on proper motions from
SDSS+USNO-B (Munn et al. 2004). The fate of these can-
didates illustrates the pitfalls of such work. Many of the can-
didates were contested either because they are high velocity
halo stars and therefore bound or because the ground-based
proper motions are inflated (Ziegerer et al. 2015).
The LAMOST survey also proved to be a happy hunting
ground for late-type hypervelocity star candidates. Li et al.
(2015) claimed 19 low mass F, G and K type hypervelocity
star candidates from over one million stars found in the first
data release of the LAMOST regular survey. They combined
LAMOST spectroscopy with SDSS-USNO-B (Munn et al.
2008) proper motions. Their final cleaned candidate list used
only stars with reliable proper motions, high quality spectra
and trustworthy astrophysical parameters. The candidates
had probabilities of being unbound, as judged from Monte
Carlo simulations of orbit integrations, in excess of 50 per
cent. However, there were 8 high quality candidates with a
probability in excess of 80 per cent.
We are not the first to realise the potential of Gaia as
a purger of late-type hypervelocity candidates. Marchetti
et al. (2017) trained a neural network to identify hyperve-
locity star candidates in Gaia DR1 and noticed that one of
their candidates HD 5223 had previously been suggested by
Pereira et al. (2012). The Gaia parallax indicated that it
was much closer than previously thought. Given the history
of the subject, Gaia Data Release 2 proper motions might
well be expected to winnow the late-type hypervelocity can-
didates.
3 RESULTS
The Open Fast Stars Catalog (presented in detail in Ap-
pendix A) automatically queries Gaia DR2 and calculates
the posterior probability that each star is bound Pbound (the
method is described in detail in the Appendix). Of the 524
candidate hypervelocity stars in our catalogue, 514 have
Gaia photometry and 501 have Gaia astrometry in DR2.
This compares with only 472 having photometry and 18
having astrometry in Gaia DR1. Almost all hypervelocity
candidates now have precise proper motions and parallaxes,
which transforms the landscape of hypervelocity star re-
search. Before Gaia DR2, there were 71 candidates with
Pbound < 0.5 and 132 candidates with Pbound > 0.5. Af-
ter Gaia DR2, these numbers dramatically changed with
41 candidates with Pbound < 0.5 and 464 candidates with
Pbound > 0.5. The increase in the numbers of classified stars
is because Gaia provides parallaxes for the 321 candidates
4 https://faststars.space/sky-locations/
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Spectral class:
Figure 1. Hammer projection in right ascension and declination of all previously-known high-velocity stars, color-coded by spectral
type. The thick gray line shows the plane of the Milky Way, with the large gray dot indicating the location of the galactic center. The
locations of M31 and the LMC are shown as annotated. An interactive version of this figure is available at the OFSC4.
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(a) Pbound before Gaia DR2
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(b) Pbound after Gaia DR2
Figure 2. The probability of a candidate hypervelocity star being bound to the Galaxy versus the difference between the Galactocentric
rest-frame velocity and the escape speed. The error bars incorporate errors and correlations in the distances, radial velocities and proper
motions of the stars, as well as the uncertainties in the Solar kinematics and the Milky Way escape velocity (see the Appendix for more
detail). Some stars are missing either the radial velocity or proper motions and thus the bound probability is only an upper limit (these
objects are indicated with a triangle). The size of the point reflects whether the star is a giant (large), dwarf (medium) or a white dwarf
or subdwarf (small).
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Figure 3. Probability Pbound that each high-velocity candidate
is bound to the Milky Way before (x-axis) and after (y-axis) the
inclusion of DR2. The shapes of the markers is as in Fig. 2.
proposed by Vickers et al. (2015), who had calculated pho-
tometric distances but not published them. We note that
428 hypervelocity candidates have a probability greater than
99% of being bound to Milky Way and thus are ruled out. A
caveat is that 5 stars are missing a radial velocity or proper
motion in our catalogue and thus the Pbound is only an upper
limit. It is possible that as the Open Fast Stars Catalog be-
comes more complete some of these candidates could be res-
urrected. A further caveat is that in this further analysis we
do not consider the red giant J004330.06+405258.4, which is
thought to be a hypervelocity star of M31 and is at a distance
of 760 kpc (Evans & Massey 2015). J004330.06+405258.4 is
shown in Figs. 1 and 5 for completeness. We also do not con-
sider Li2, the second candidate of Li et al. (2015), because
there are two radial velocity measurements in the literature
which disagree: LAMOST reports −60 ± 10 km s−1 whilst
SDSS reports −160.8 ± 3.4 km s−1. The simplest explana-
tion is that this star is an unresolved binary and thus the
reported radial velocities are not representative of the true
systemic velocity.
In Figure 2, we show the bound probability versus the
difference between the Galactocentric rest-frame velocity
and the escape velocity as a function of the spectral type.
The overarching trend is for late-type FGKM stars to be
assessed as more bound after DR2, while early-type OBA
stars become less bound. This trend is made obvious in Fig.
3 where we directly compare Pbound computed before and af-
ter Gaia DR2; almost all the late-type stars are conclusively
bound with DR2, whilst a large number of OBA stars have
an increased probability of being unbound (they move to the
lower right of this figure).
In Tab. 1, we list all candidates which have Pbound <
0.5. This list of candidates comprises 38 B/A dwarfs, one
subdwarf O star, one F9 dwarf and one white dwarf, and we
will consider each of these categories in turn.
3.1 The early-type B/A candidates
Over the past 13 years the Hypervelocity Star Survey
(Brown et al. 2005, 2007, 2014) has discovered many tens
of faint, blue stars in the halo of the Milky Way. These stars
Table 1. The hypervelocity candidates with Pbound < 0.5 subdi-
vided by original discovery survey or paper. The Hypervelocity
Star Survey (Brown et al. 2005, 2007, 2014) has remarkably dis-
covered 32 of these 41 stars, while the LAMOST HVS Survey
(Zheng et al. 2014; Huang et al. 2017) contributes a further 3.
Survey # Names
Hypervelocity Star Survey 32 HVS1,4-10,12-24 and others
Hirsch et al. (2005) 1 US708 (a.k.a. HVS2)
Edelmann et al. (2005) 1 HE 0437-5439 (a.k.a. HVS3)
Heber et al. (2008) 1 HD 271791
Tillich et al. (2009) 1 SDSS J013655.91+242546.0
LAMOST HVS Survey 3 LAMOST-HVS1-3
Li et al. (2015) 1 Li10 (F9 dwarf)
Vennes et al. (2017) 1 GD 492 (white dwarf)
were classified as hypervelocity stars based solely on their
large radial velocities and thus could not be ruled out by
Gaia astrometry; by measuring their proper motions Gaia
was only increasing their Galactocentric rest-frame veloc-
ity. This argument extends to most of the early-type stars
shown in Fig. 2, except for close stars such as HD 271791 at
21 ± 4 kpc (Heber et al. 2008) who had previously measured
proper motions, and thus explains their trend to being more
likely unbound.
As the majority of the remaining hypervelocity candi-
dates are early-type, the distance distribution (see Fig. 4) of
hypervelocity stars is now dominated by objects in the dis-
tance range 10 − 110 kpc, with a modal distance of around
70 kpc. The mean hypervelocity candidate with Pbound < 0.5
is now more distant than the LMC (49.97 ± 1.126 kpc,
Pietrzyn´ski et al. 2013). A further consequence is that the
sky distribution is no longer homogeneous within the North-
ern equatorial hemisphere. The clump near the centre of the
plot is the well-known clustering of early-type hypervelocity
stars near the Leo constellation (e.g. Brown et al. 2009). The
star located beside the LMC is HVS3: an 8 M star thought
to have been ejected from the LMC (Edelmann et al. 2005;
Gualandris & Portegies Zwart 2007; Erkal et al. 2018).
We note that the distance distribution shown in Fig. 4
is biased by the way that the early-type hypervelocity stars
were discovered. The Hypervelocity Star Survey (Brown
et al. 2005, 2007, 2014) selected for blue, faint objects at
high latitudes, because a B type star would require a large
velocity to reach the halo within its lifetime. Thus by con-
struction our sample of hypervelocity stars is biased towards
stars at great distances. The existence or non-existence of
early-type hypervelocity stars closer to the Galaxy will al-
low us to tell whether the hypervelocity stars have a Galactic
or extragalactic origin.
3.2 Type Ia supernova donors and survivors
Both US708 (Hirsch et al. 2005) and GD 492 (Vennes et al.
2017) are thought to be associated with Supernova Ia. We
discuss each briefly. Note that the other white dwarf hy-
pervelocity candidate SDSSJ124043.01+671034.68 (Kepler
et al. 2016) is confirmed with Gaia DR2 to be bound to the
Galaxy.
Hirsch et al. (2005) initially conjectured that US708, a
helium subdwarf O star, was formed in the merger of two
MNRAS 000, 1–9 (2018)
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Figure 4. The heliocentric distance distribution of hypervelocity
candidates with Pbound < 0.5 (see Tab. 1).
Figure 5. Same as Figure 1, but for hypervelocity candidates
with Pbound < 0.5 (see Tab. 1).
helium white dwarfs during an interaction with the SMBH
at the Galactic centre. However, Justham et al. (2009) pro-
posed that this star was more consistent with having been
the low-mass helium donor to a massive white dwarf and
thence having being ejected by the resulting thermonuclear
supernova Ia, and a subsequent spectroscopic and kinematic
analysis confirmed this as the likely origin channel (Geier
et al. 2015).
Vennes et al. (2017) discovered the low-mass, high
proper motion white dwarf GD 492 and found that it had
an atmosphere rich with intermediate-elements. The con-
clusion reached by Vennes et al. (2017) was that GD 492 is
the partially burnt remnant of a subluminous supernova Ia.
Raddi et al. (2018) concurred with the remnant hypothesis
for GD 492 and used Gaia DR2 astrometry to constrain the
progenitor. In this scenario, it must have been in a short
period binary (30− 60 min) with a 0.8− 1.32 M companion.
Raddi et al. (2018) note that Gaia DR2 astrometry con-
firms GD 492 as the closest hypervelocity star to the Sun
(dhel = 632 ± 14 pc).
3.3 The remaining late-type hypervelocity
candidate
Li10 was one of 19 candidates proposed by Li et al. (2015)
based on LAMOST spectroscopy and proper motions from
SDSS+USNO-B, and was found to have a 50% probabil-
ity of being bound in the Xue et al. (2008) potential. Li10
was not directly discussed in Li et al. (2015) and does not
appear to have been discussed elsewhere in the literature.
As shown in Fig. 6, the trajectory of this star back in time
shows it passing within a few kiloparsecs of the Galactic
centre. However, the pericentric radius is well constrained
to be 3.3± 0.2 kpc and thus the Hills mechanism is ruled out
as a possible explanation. One possibility is that the star
is a runaway star that was either dynamically ejected from
a star cluster or kicked by the supernova of a much more
massive companion. Tauris (2015) found that kicks of up
to 1280 km s−1 were possible in the supernova scenario for
G/K dwarfs, which is much greater than the Galactocentric
rest-frame velocity 643 ± 93 km s−1 of Li10. However, such
velocities are expected to be extremely rare.
Li10 is consistent with having passed through the disc
roughly 15 Myr ago, however we note that this is only a
small fraction of the main sequence lifetime of an F9 star
and thus we cannot use this time as an estimator of the
flight time. The possibility of hypervelocity stars arriving
in the Milky Way from M31 (Sherwin et al. 2008) or the
LMC (Boubert & Evans 2016; Boubert et al. 2017) has been
suggested in the literature. However, the orbit of this star
is not aligned with either of these galaxies (see Fig. 6). If
the star were to turn out to be bound after later Gaia data
releases, then the natural interpretation is that this star is
a fast-moving denizen of the halo on an extremely radial
orbit. An alternative possibility is that Li10 has a binary
companion and thus that the radial velocity from LAMOST
DR1 has a large contribution from the binary orbital motion.
There is no source in Gaia DR2 within 45 arcsec of Li10 and
thus any companion would need to be either a low-mass
dwarf or a compact object (likely a white dwarf or neutron
star).
To test the close binary hypothesis we obtained a spec-
trum of LAMOST J115209.12+120258.0 with the Goodman
Spectrograph (Clemens et al. 2004) on the SOAR telescope
on UT 2018 Apr 29. We used a 0.95′′slit and a 1200 l mm−1
grating, giving a spectral resolution of about 1.7A˚. A single
1800-sec exposure was obtained. The spectrum was reduced
and optimally extracted in the usual manner. We determined
the barycentric radial velocity of the star through cross-
correlation with a template of similar spectral type taken
with the same setup, finding a value of vr = 234 ± 5 km s−1
which we use throughout this work. The LAMOST DR1
velocity of this star is listed as 206 ± 15 km s−1, which is
marginally consistent with the new measurement. To check
this, we downloaded the LAMOST spectrum and re-derived
the radial velocity through cross-correlation. In the region
of the Mgb line we reproduce the published velocity; if in-
stead we use the Ca triplet region, the LAMOST velocity is
223±5 km s−1, (random uncertainty only), which is closer to
the SOAR/Goodman value. We conclude there is no signif-
icant evidence for a radial velocity shift between these two
spectra and hence no evidence that this star is in a close
binary. Thus, Li10 appears to be the only known late-type
hypervelocity star.
MNRAS 000, 1–9 (2018)
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Figure 6. Past (dashed components of each curve) and future (solid components of each curve) realizations of the trajectory of the
candidate high-velocity late-type star LAMOST J115209.12+120258.0. The size of the Milky Way’s thin disk, assumed to be 32 kpc
in diameter and 0.6 kpc in height, is shown by the dashed gray contours. Arrows pointing in the directions of M31 and the LMC are
labeled. Orbits were calculated in the MWPotential2014 potential using the Python Galactic dynamics framework Galpy (Bovy 2015).
The rotation direction of the Milky Way disc is indicated by the long arrow and the short arrows indicate time steps of 10 Myr along the
orbit.
4 CONCLUSIONS
In this paper, we have combined the historical data on
high-velocity stars with data from Gaia’s second data re-
lease. There is a single candidate late-type high-velocity ob-
ject (LAMOST J115209.12+120258.0) that has a reasonably
high probability of being unbound from the Milky Way and
thus hypervelocity. However, the overwhelming majority of
the historical late-type high-velocity candidates are almost
certainly bound to the Milky Way. This is a clear demonstra-
tion of the superiority of space-based astrometry from Gaia
over the earlier ground-based proper motion catalogues. It is
anticipated that further Gaia DR2 studies will reveal many
late-type high-velocity candidates, which will be added to
the Open Fast Stars Catalog when they are announced.
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APPENDIX A: THE OPEN FAST STARS
CATALOG
The papers which originally proposed the late-type hyper-
velocity candidates discussed in the main text often give
measurements of properties not generically included in Gaia,
such as spectral types, radial velocities and other spectro-
scopic parameters. Combining these properties in a system-
atic, rigorous fashion with Gaia astrometry and photom-
etry is crucial to determining the nature of these candi-
dates. To that end, we have created the Open Fast Stars
Catalog (OFSC)5 utilizing the AstroCats framework (Guil-
lochon et al. 2017). The objective of the catalogue is to con-
tain a curated collection of every measurement of all high-
velocity star candidates in the literature, with each mea-
surement having a citable origin, and to utilize the available
data to provide additional value to the community inter-
ested in these objects. At present, the OFSC has targeted
the data available for stars that may potentially be hyperve-
locity stars, however we plan to expand it to include pulsars,
runaway stars, and halo stars in the near future.
Like the other Open Astronomy Catalogs6, the OFSC
adds value to the existent data by providing derived quanti-
ties to the community. The catalog automatically computes
the amount of extinction to each object (see Section A2), ve-
locities in various frames (heliocentric, galactocentric), ob-
servability at a user-specified time from various observatory
locations, probability of boundedness to the Milky Way, and
correlations between observed and derived quantities. The
catalog also provides an interface for each object with a near-
complete collection of its data. At the moment, the catalog
only includes fast star spectroscopy from the SDSS survey
(Abolfathi et al. 2018) and the LAMOST survey (Luo et al.
2016), as little is available from public repositories; we plan
to collect this data from the community in the near future.
A1 Determination of boundedness
The question of whether a star is hypervelocity can be more
plainly phrased as “is the total velocity vgrf in the Galactic
rest-frame greater than the escape speed vesc at its current
location?” Many of the papers which present hypervelocity
star candidates give both the Galactic speed and the escape
speed. However, the Galactic speed is sensitive to the as-
sumed Solar position and peculiar motion and the escape
speeds can vary by as much as 100 km s−1 depending on
the potential used. We therefore re-calculate the Galactic
rest-frame speed and the escape speed for each candidate.
Assuming that we have the equatorial position (α, δ) and
proper motions (µα∗, µδ) and the heliocentric distance d and
5 https://faststars.space
6 See https://astrocats.space
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radial velocity vr, Johnson & Soderblom (1987) provide for-
mulae for obtaining the cylindrical Galactocentric position
(R, θ, z) and velocity (vR, vθ, vz). The total Galactic rest-frame
speed is then the the magnitude of this velocity. The escape
velocity can be obtained from a fiducial escape velocity curve
vesc(r), for instance Williams et al. (2017) parametrized this
through
vesc(r) = vesc,
(
r
R
)−α/2
, (A1)
where vesc, is the escape velocity at the position of the
Sun, and obtained posterior constraints of α = 0.37+0.09−0.09 and
vesc, = 521.26+45.79−30.23 km s
−1 using main-sequence turn-off,
blue horizontal branch and K giant stars. We assume that
the Milky Way disc rotates with a flat circular velocity of
Vc = 238 ± 9 km s−1 and that the Sun orbits at the Galacto-
centric radius R = 8.27 ± 0.29 kpc with a peculiar velocity
(U,V,W) = (11.1 ± 0.75 ± 1, 12.24 ± 0.47 ± 2, 7.25 ± 0.37 ±
0.5) km s−1 (Scho¨nrich et al. 2010; Scho¨nrich 2012).
The method outlined in the previous paragraph would
give a single vgrf and vesc for each candidate and thus re-
duces the question of boundedness to simply which quantity
is the greater. However, in practise, each of the heliocentric
quantities will have attached uncertainties and it is vital
to account for these. Care is required, because the uncer-
tainty in the distance causes the uncertainties in the Galactic
speed and escape speed to be correlated. The uncertainties in
different measurements may themselves be correlated, with
the notable example of Gaia providing the covariance ma-
trix between the positions, parallax and proper motions. An
additional complication is the need to use a sensible prior
on the true distance of a star when converting parallax to
distance (Bailer-Jones 2015). We assume the exponentially-
decreasing volume prior of Astraatmadja & Bailer-Jones
(2016) which is a Gamma distribution with shape parameter
k = 3 and scale parameter L. When applying this methodol-
ogy to Gaia DR1 astrometry we used L = 1.35 kpc as recom-
mended by Astraatmadja & Bailer-Jones (2016). For Gaia
DR2 astrometry we used the more complicated spatially-
varying scale-length of Bailer-Jones et al. (2018) which was
tuned to a mock of the contents of Gaia DR2 (Rybizki et al.
2018). We assume that the uncertainty on the positions and
velocities are adequately described by a multivariate normal
distribution centred on the measured values and with covari-
ance matrix C, where the off-diagonal terms are zero unless
the star has Gaia astrometry. For each star, we use emcee
(Foreman-Mackey et al. 2013) to draw 104 samples from the
multivariate normal likelihood and distance prior. For any
star with a photometric distance that has an uncertainty we
replace the standard prior with a Gaussian distance prior
centred on the photometric distance and a width equal to
the uncertainty on that distance. We additionally sample in
the Gaussian statistical and systematic uncertainty of the
Solar position and motion. A further complication is that
we do not yet have a firm knowledge of the escape velocity
from the Milky Way, which we account for by sampling the
parameters of the escape velocity curve from the posterior
of Williams et al. (2017). The sampled values are then pro-
cessed as described in the previous paragraph to give sam-
ples of vgrf and vesc. We can thus quantify the probability
of a star being unbound by the fraction of samples where
vgrf > vesc.
To make this quantification rigorous we apply the
Brown et al. (2001) methodology. The posterior on the prob-
ability of a star being bound after N trials with the star being
bound in Nb trials is a Beta(Nb + 12, N − Nb + 12 ) distribution.
The one-sigma confidence interval centered on the median
is thus easily calculable numerically.
In the subset of cases where we do not have either the
proper motions or radial velocity then we assume that the
missing component(s) exactly cancels the sampled solar re-
flex, which is equivalent to calculating the minimum Galac-
tocentric rest-frame velocity. In this case the bound proba-
bility can be interpreted as an upper limit on the true bound
probability.
One small caveat of using Gaia DR2 parallaxes is
that Luri et al. (2018) identified a global parallax offset of
−0.029 mas. We have accounted for this offset in our anal-
ysis. The inclusion of this offset causes stars with proper
motions to become slightly more likely to be bound, how-
ever this effect is sub-dominant to the other uncertainties
that we account for when calculating the bound probability.
A2 Automatic querying of Gaia and other
catalogues
To ensure the catalogue incorporates the latest measure-
ments of each star, we automatically query against large as-
tronomical catalogues such as Gaia, SDSS and PPMXL. The
querying of astrometric and photometric catalogues uses the
Astroquery affiliated package of the astropy Python
framework. The line-of-sight extinction to each star E(B−V)
is obtained from the dustmaps package which allows us to
query the Green et al. (2015, 2018) dust maps for stars with
measured distances and lying in the Pan-STARRS footprint
and the Schlegel et al. (1998) dust map for the other candi-
dates. The querying of external catalogues is done assuming
a cross-match radius of Min(2 arcsec, 3 × 10 yr × µtot), where
µtot is the total proper motion of the candidate. Within this
search radius we take the nearest neighbour. We also query
the stars against SIMBAD (Wenger et al. 2000) to obtain
other aliases that the stars may have, which will allow users
to access the catalogue independent of their preferred nam-
ing convention.
A3 The fast star graveyard
It is standard practise among the Open Astronomy Cata-
logs to split off objects which are no longer of interest, for
instance transients falsely identified as supernovae are split
off from the main Open Supernova Catalog. This practise
is known as putting an object in the ‘graveyard’. In the
OFSC, this can be interpreted as a statement that a fast
star is highly unlikely to be unbound and thus should not
be considered to be a hypervelocity candidate. The criteria
for putting a star in the graveyard is that i) each of the six
kinematic components have been measured, ii) the star has
5D astrometry from Gaia DR2, and iii) the star was bound
in all of the 104 samples. Note that a star being in the grave-
yard does not mean that it has been deleted and it will be
possible for a star to be resurrected as new data is obtained,
for instance when Gaia DR3 is released. The only practical
result of a star being in the graveyard is that it is not shown
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in the main section of the OFSC. 159 previously-claimed hy-
pervelocity candidate stars were in the OFSC graveyard as
of 01/06/2018.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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